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(57) Abstract 

In a centrifugal rotor for separating a light liquid from a heavy liquid 
the separation ch^tber (10) has a central outlet (13) for 
liquid and a peripheml outlet (16) for separated heavy liquid. A chaimel 
17) in the rotor connects the peripheral outlet (16) with a central ouUet (21 
22) for the heavy liquid, which latter outlet is arranged » £Z 
liquid out of the rotor and into a stationary """^'^""^"'l^^^for fi^^^ 
transportation to a reception place for the heavy liquid. In the ~ary 
outlet conduit (27) there is equipement (28-30) to make possible eidier a 
relaUvely large flow or a relatively smaU flow of separated heavy hquid 
from the rotor to said reception place. 
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MPi-hnd and c p .nt.rlf ugal separator for separation Qf tWQ 

The present invention relates to centrifugal separation 
5 of a light liquid and a heavy liquid from a liquid 
mixture containing two such liquids. The expressions 
"light liquid" and "heavy liquid" mean in this connec- 
tion that one of the liquids has a lower or higher 
density, respectively, than the other liquid. 

10 

Particularly, the invention concerns separation of this 
kind by means of a centrifugal separator comprising a 
rotor having a centre axis around which it is rotatable 
and delimiting a separation chamber which has a first 

15 outlet for the light liquid, situated at a first 

distance from the rotor axis, and a second outlet for 
the heavy liquid, situated at a second distance, larger 
than the first distance, from the rotor axis, the rotor 
further delimiting a channel extending from said second 

20 outlet towards the rotor centre axis to a third outlet 
that is adapted to conduct the heavy liquid out of the 
rotor. The centrifugal separator also comprises a 
stationary outlet conduit adapted to receive liquid from 
said third outlet and conduct it to a reception place 

25 for heavy liquid, situated outside the centrifugal 
separator . 

In a centrifugal separator of this kind an interface 
layer, that is formed in the separation chamber during 
30 operation of the rotor between separated light liquid 
and separated heavy liquid, has traditionally been 
maintained at a predetermined radial level between said 
first outlet and said second outlet of the separation 
chamber . 
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To constantly maintain in this manner the formed inter- 
face layer at a predetermined level in the separation 
chamber radially inside the outlet for heavy liquid 
means a disadvantage in cases when the treated liquid 
5 mixture consists mainly of light liquid that is to be 
freed from a relatively small amount of heavy liquid. 
This is because in connection with an operation of this 
kind the space in the separation chamber, that can be 
used for an effective cleaning of the light liquid, is 

10 relatively limited, meaning that the light liquid will 
get a reduced time for its through- flow of the separa- 
tion chamber. The result of this is a less effective 
cleaning of the light liquid than obtainable if substan- 
tially the whole separation chamber would be kept filled 

15 with liquid mixture, i.e. mainly light liquid. 

This disadvantage can be avoided in a centrifugal 
separator of the above discussed kind by means of an 
invention described in US-A-3,752,389 and residing in 

20 keeping the heavy liquid outlet of the centrifugal 

separator closed until so much heavy liquid has been 
collected in the rotor separation chamber that the 
formed interface layer between light liquid and heavy 
liquid has arrived at a predetermined level in the 

25 separation chamber radially inside said second outlet. 
Not until then separated heavy liquid has been allowed 
to leave the centrifugal separator in order to flow to a 
reception place for such liquid. 

30 The centrifugal separator according to US-A-3,752,389 is 
formed in a way such that said interface layer, after it 
has arrived at said predetermined level in the rotor, 
cannot immediately be displaced radially outwardly but 
will stay at this level in spite of the fact that the 

35 outlet for heavy liquid has been opened. Only after a 
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separate peripheral sludge outlet of the separation 
chamber, intended for separated solid particles, has 
been opened, heavy liquid having been collected in the 
separation chamber can be removed therefrom. 

5 

Even the separation method and the centrifugal separator 
according to US-A-3, 752, 389 proved to be disadvan- 
tageous, however. Thus, even if a large part of the 
separation chamber could be used effectively, in the 
10 manner just described, during a larger part of the 
operation time of the rotor than in connection with 
previously known centrifugal separators, the disadvan- 
tage was still there that such an effective use of the 
separation chamber could not be made during time running 
15 from the moment when the interface layer between light 
liquid and heavy liquid had arrived at said predeter- 
mined level to the moment when the peripheral rotor 
sludge outlet for separated solids had been opened. This 
time could be relatively long, if the content of solids 
20 in the treated liquid mixture was relatively small, 
whereas the content of heavy liquid was much larger. 

The technique according to US-A-3, 752, 389 has later been 
improved in a way that can be seen from US-A-4 , 525 , 155 . 

25 The improvement resides in creation of an arrangement by 
means of which said interface layer between light liquid 
and heavy liquid cannot only be allowed to move radially 
inwardly to a certain level in the separation chamber 
radially inside the outlet for heavy liquid but also, 

30 immediately thereafter, can be allowed to move radially 
outwardly a distance as a consequence of the outflow of 
heavy liquid through said outlet just mentioned. This 
has generated more time for an effective use of a large 
part of the separation chamber. 
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10 



15 



20 



30 



As mentioned initially the invention according to 
US-A-3,752,389 was made to resolve a problem when a 
liquid mixture to be treated consisted mainly of light 
liquid that should be freed from a relatively small 
amount of heavy liquid. Even the improvement according 
to uS-A-4,525,155 was primarily intended for separation 
cases of this kind. If the content of heavy liquid in 
the liquid mixture to be supplied to the rotor is 
relatively large, it is obvious, namely, that the 
advantage of the proposed movement of the interface 
layer between light liquid and heavy liquid becomes 
relatively small. In other words the time during which 
the relevant part of the separation chamber can be used 
for effective separation will be smaller and smaller the 
more rapidly the interface layer moves radially inwardly 
and, thus, heavy liquid fills the separation chamber. 



It has shown, thus, in a particular separation applica- 
tion for the invention according to US-A-4,525,155, 
namely in connection with cleaning of fuel oil from 
water and solids, that the fuel oil to be cleaned should 
not have an average content of water larger than about 
3 % for the invention in question to give a substantial 
advantage above the initially mentioned traditional 
25 technique, according to which the interface layer in the 
separation chamber is maintained constantly at the same 
radial level in the separation chamber. If there are 
larger contents of water in the fuel oil to be cleaned, 
the traditional technique, which as mentioned was known 
already before the invention according to US-A-3,752,389 
was made, is therefore still used. 



The present invention has for its object to provide a 
new method and a new centrifugal separator for the 
35 separation of a light liquid and a heavy liquid from a 
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liquid mixture containing two such liquids and having a 
relatively large content of heavy liquid, so that the 
separation chamber in the rotor of the centrifugal 
separator can be used nvore effectively than in connec- 
5 tion with conventional use of a centrifugal separator 
when an interface layer is maintained constantly at a 
predetermined radial level in the separation chamber. 

This object can be obtained according to the invention 
10 by means of a method using a centrifugal separator of 
the general kind defined initially and including 
supplying said liquid mixture into the separation 
chamber; sensing when an interface layer, which during 
the rotor operation is formed in the separation chamber 
15 between light liquid and heavy liquid and moves towards 
the centre axis of the rotor as a consequence of 
accumulation of separated heavy liquid in the separation 
chamber, arrives at a predetermined distance from the 
centre axis; intermittently conducting out of the rotor 
20 an outlet flow of liquid through said third outlet and 

the stationary outlet conduit to the reception place for 
heavy liquid, the conducting of said outlet flow 
starting when said interface layer has arrived at said 
predetermined distance from the rotor centre axis, so 
25 that the interface layer in the separation chamber 
instead moves away from the rotor centre axis; and 
stopping said outlet flow of liquid from said third 
outlet to the reception place for heavy liquid; said 
method being characterized by conducting a drainage flow 
30 of separated heavy liquid, which is substantially 

smller than said outlet flow, out of the rotor through 
said third outlet to a reception place outside the 
centrifugal separator during at least part of time when 
said outlet flow is not conducted out of the rotor 
35 through said third outlet. 
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By the expression reception place for separated heavy 
liquid, situated outside the centrifugal separator, is 
meant a reception place from which the separated heavy 
liquid is not returned to the rotor of the centrifugal 
5 separator . 

A centrifugal separator according to the invention is 
characterized in that it comprises 

a rotor having a centre axis around which it is 
rotatable and delimiting a separation chamber which 
has a first outlet for the light liquid, situated at 
a first distance from the rotor centre axis, and a 
second outlet for the heavy liquid, situated at a 
second distance, larger than said first distance, 
from the rotor centre axis, the rotor further 
delimiting a channel extending from said second 
outlet towards the rotor centre axis to a third 
outlet, which is adapted to conduct the heavy liquid 
out of the rotor, 

a stationary outlet conduit adapted to receive 
liquid from said third outlet and conduct it to a 
reception place for heavy liquid, situated outside 
25 the centrifugal separator, 

sensing means adapted to sense and emit a control 
signal when an interface layer, which during the 
rotor operation has been formed in the separation 

30 chamber between light liquid and heavy liquid and 

which moves towards the rotor centre axis as a 
consequence of accumulation of separated heavy 
liquid in the separation chamber, has arrived at an 
inner radial level situated at a predetermined 

35 distance from the centre axis. 



10 



15 



20 
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outlet means connected with the sensing means and 
adapted, when the latter emit said signal, to be 
caused to provide an outlet flow of liquid from said 
third outlet through the stationary outlet conduit 
5 to the reception place for heavy liquid, so that 

said interface layer in the separation chamber moves 
away from the rotor centre axis, and 

means for interrupting said outlet flow of liquid 
from said third outlet to the reception place for 
heavy liquid, when said interface layer in the 
separation chamber has arrived at an outer radial 
level situated between said inner level and said 
second outlet. 

A centrifugal separator according to the invention is 
further characterized in 

that there is no connection radially inside said 
20 outer radial level between the separation chamber 

and said channel, so that the channel is kept filled 
with separated heavy liquid, when said outlet flow 
is interrupted, and 

25 - that draining means are adapted to accomplish, at 

least during part of such time when the outlet means 
do not not accomplish said outlet flov; of liquid, a 
drainage flow of separated heavy liquid from said 
third outlet out of the rotor to a reception place 

30 outside the centrifugal separator, said drainage 

flow being substantially smaller than said outlet 
flow. 



10 



15 



In a centrifugal separator of this kind said draining 
35 means may be caused to conduct so much heavy liquid out 
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of the rotor that the movement radially inwardly in the 
separation chamber of said interface layer is substan- 
tially delayed. Thereby, during large parts of the 
operation time of the centrifugal separator, such parts 
5 of the separation chamber may be used for effective 

separation which have not been used at all for effective 
separation in connection with conventional separation 
technology but have been kept filled with separated 
heavy liquid. The same advantages as offered by the 

10 invention according to US-A-4, 525, 155 only in connection 
with cleaning of a light liquid, which contains less 
than 3 % of heavy liquid, can thus be obtained by means 
of the present invention in connection with cleaning of 
light liquid having a substantially larger content of 

15 heavy liquid, e.g. 10 % or more. 

m connection with cleaning of fuel oil from water and 
solids by means of a centrifugal separator additional 
water is sometimes added to the fuel oil before the 

20 latter is supplied to the centrifugal separator. The 
purpose thereof is that certain salts, present in the 
fuel oil, should be solved in the added water and 
together therewith be separated from the fuel oil in the 
centrifugal separator. Such addition of so called wash 

25 water to the fuel oil makes the total water content 
therein to be at about 8-10 %. 

In a centrifugal separator according to the present 
invention said draining means may be adapted to dis- 
30 charge water from the above said third outlet of the 
rotor in an amount having a desired relation to the 
amount of wash water added to the fuel oil before the 
fuel oil is introduced in the centrifugal separator. 
However, the draining means must not discharge a larger 
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amount of water from the rotor than the amount of wash 
water being added to the fuel oil. 

In the centrifugal separator according to the invention 
5 said sensing means for sensing when the interface layer 
has arrived at a predetermined radial level in the 
separation chamber can be designed in any suitable way. 
If desired, the separation chamber may be provided with 
a further outlet at a suitable radial level, whereby 
10 continuously or intermittently a small liquid flow may 
be discharged from the separation chamber at this level 
and automatically be analyzed outside the rotor. 

Preferably, sensing means of the kind described in 
15 us-A-4,525,155 are used, which are adapted to sense when 
small fractions of a heavy liquid starts to accompany 
separated light liquid out of the rotor. Sensing like 
this, e.g. sensing of changes of the electrical conduc- 
tivity or dielectric constant of the inspected liquid, 
20 indicates that the interface layer between light and 
heavy liquid has arrived at a certain radial level in 
the separation chamber. 

Other sensing means, e.g. of the kind described in 
25 uS-A-3,189,268 or US-A-3, 986, 663, are also possible in 
this connection. 

The sensing means are preferably adapted to emit an 
electrical control signal when said interface layer is 
30 sensed at the predetermined radial level in the separa- 
tion chamber. Other types of control signals, such as 
magnetical or optical, are alternatively possible, 
however . 
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The outlet means, which are connected to the sensing 
means and arranged to receive the above said control 
signal from the sensing means and then accomplish the 
relatively large outlet flow from the third outlet of 
5 the rotor to the reception place for heavy liquid, 

preferably comprise an adjustable valve arranged in the 
stationary outlet conduit, which is adapted to receive 
liquid from said third outlet. An adjustable valve of 
this kind may be arranged either completely to interrupt 
10 the liquid flow through the stationary outlet conduit 

or, when it does not hold open for the relatively large 
liquid flow, admit through-flow of a relatively small 
flow. In the latter case the valve itself comprises said 
draining means, which are to accomplish the relatively 
15 small drainage flow, whereas in the first mentioned case 
there have to be arranged draining means separate from 
the valve, e.g. in a by-pass conduit arranged to conduct 
liquid past the valve in the stationary outlet conduit. 
For interrupting the relatively large outlet flow of 
20 liquid from the third outlet of the rotor one kind of 
actuation member or another is used and arranged for 
adjustment of said valve. 

For accomplishing the relatively large outlet flow of 
25 liquid the centrifugal separator may alternatively be 

equipped with outlet means comprising a radially movable 
paring member. A paring member of this kind may be 
arranged to be brought into contact with the body of 
separated heavy liquid rotating in the rotor only when 
30 the relatively large outlet flow is to leave the rotor. 
In this case said member for interrupting the outlet 
flow can be constituted by a device for radially moving 
the paring member to or from contact with said liquid 
body. A separate outlet means comprising said draining 
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means can be present for accomplishing said relatively 
small drainage flow. 

As mentioned above the relatively large outlet flow 
5 through the third outlet of the rotor will give as a 
result that the interface layer in the separation 
chamber between light liquid and heavy liquid moves 
radially outwardly. Preferably, the outlet flow out of 
said third outlet is stopped before the interface layer 
0 has arrived out at said second outlet of the separation 
chamber. Thereby, it is prevented that separated light 
liquid leaves the separation chamber through this 
outlet. If by accident - or if the centrifugal separator 
is designed in a way that - separated light liquid 
.5 during certain periods of time leaves the separation 
chamber through said second outlet, means may be 
arranged to automatically sense that light liquid flows 
out through the third outlet of the rotor and to auto- 
matically discharge such liquid to a particular recep- 
20 tion place. A reception place of this kind could be a 
container for liquid mixture not yet treated. Alterna- 
tively, the liquid may be conducted directly into the 
inlet conduit of the centrifugal separator for liquid 
mixture to be treated. 

25 

Interruption of the relatively large outlet flow through 
the third outlet of the rotor may be accomplished 
automatically either after expiration of a predetermined 
set time or after a predetermined amount of liquid has 
30 left the third outlet of the rotor, counted from the 
point of time when the outlet flow started. A device 
for automatically interrupting the relevant flow from 
the third outlet of the rotor is described in 
US-A-4,525,155. 
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The invention will be described more in detail below 
with reference to the accompanying drawing in connection 
with a process for washing fuel oil by means of water 
and cleaning of the fuel oil from water and suspended 
5 solids. In a washing and cleaning process of this kind 
water is added to the fuel oil in connection with 
supplying of the latter to a centrifugal separator, 
salts present in the fuel oil being solved in the water 
and together therewith being separated from the fuel oil 
10 in the centrifugal separator. The separated water 
contains both water added to the fuel oil for the 
washing, and water contained by the fuel oil before the 
addition of wash water. In the drawing Fig 1 and 2 show 
different embodiments of the invention. 

15 

Fig 1 shows schematically one half of a centrifugal 
rotor 1 seen in an axial section. The rotor 1 is adapted 
to rotate around a centre axis 2. A stationary inlet 
pipe 3 extends into the rotor and is surrounded by a 
20 likewise stationary outlet member 4. 

The stationary inlet pipe 3 is connected with an inlet 
conduit 5, which starts from a container 6 containing 
fuel oil. The inlet conduit 5 is connected to a wash 
25 water supply conduit 7, which is arranged to receive a 
predetermined flow of wash water from a pump 8. 

The rotor 1 delimits a central receiving chamber 9, in 
which the inlet pipe 3 opens. The rotor further delimits 

30 a separation chamber 10, which communicates with the 

reception chamber 9 through several channels 11 distri- 
buted around the rotor centre axis 2. In the separation 
chamber 10 there is arranged a stack of frusto-conical 
separation discs 12 arranged concentrically with the 

35 rotor and at short axial distances from each other. 
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15 



The separation chamber 10 has a central first outlet 13 
for separated fuel oil, situated at a certain distance 
from the centre axis 2. This outlet 13 of the separation 
chamber 10 has the form of an overflow outlet, which 
opens into a first central outlet chamber 14. A so 
called paring member 15, which constitutes part of said 
stationary outlet member 4, is adapted to conduct the 
separated fuel oil out of the outlet chamber 14. 

The separation chamber 10 has a second outlet 16 
situated at a larger distance from the centre axis 2 
than the central first outlet 13. The outlet 16 is 
intended for water having been separated from the fuel 
oil and salts solved in this water. 



The rotor 1 delimits several channels 17 distributed 
around the rotor centre axis 2 and extending from said 
second outlet 16 in a direction towards the centre axis 
2. The channels 17 open in an annular space 18 in the 

20 rotor. This space 18 communicates through one or more 

calibrated openings 19 in an annular partition 20 with a 
second outlet chamber 21 delimited in the uppermost part 
of the rotor. A paring member 22, which like the paring 
member 15 forms part of the stationary outlet member 4, 

25 is adapted to conduct separated water out of the outlet 
chamber 21. 

An outlet conduit 23 is coupled to the paring member 15 
intended for separated fuel oil. This outlet conduit is 

30 adapted to conduct the separated fuel oil through an 

instrument 24 for sensing when in the passing fuel oil 
it starts to appear fractions of water having been 
entrained in the fuel oil from the rotor. The instrument 
24 may for instance comprise a capacitor between the 

35 electrodes of which the flow through the outlet conduit 
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23, or part of this flow, is allowed to pass. A change 
of the dielectric constant of the flowing fuel oil may 
be sensed in this way. The dielectric constant of clean 
fuel oil is in the order of about 2, whereas for clean 
5 water it is in the order of 80, so even a very small 
content of water in the fuel oil may be sensed in this 
way. 

The instrument 24 is adapted to emit a signal through a 
10 signal line 25 to a central control unit 25, when a 

predetermined content of water is sensed in the passing 
fuel oil. 

To the paring member 22 for separated water there is 
15 connected an outlet conduit 27, which opens at a 

reception place (not shown) for separated water. In the 
outlet conduit 27 there is placed a draining member in 
the form of a throttling nozzle 28 adapted to accomplish 
a relatively small flow of liquid through the outlet 
20 conduit 27. 

In a by-pass conduit 29, which is connected to the 
outlet conduit 27 upstream and downstream of the 
throttling nozzle 28, there is placed a valve 30. The 

25 valve 30 in a closed position is adapted to prevent flow 
through the by-pass conduit 29 and in an open position 
to accomplish a flow through the by-pass conduit 29 and, 
thereby, through the outlet conduit 27, which is sub- 
stantially larger than the flow which can be accomp- 

30 lished through the throttling nozzle 28. 

After the throttling nozzle 28 and the valve 30, seen in 
the flow direction, the outlet conduit 27 has a closing 
valve 31. 
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Both valves 30 and 31 are connected through signal 
lines 32 and 33, respectively, with the central control 
unit 26. 

5 In the separation chamber 10 of the rotor it has been 
shown two dash-dot lines A and B. These lines intend to 
indicate two different radial levels in the separation 
chamber. Free liquid surfaces being formed in different 
parts of the rotor during operation are illustrated in 
10 the drawing by small triangles. 

The centrifugal separator according to the invention 
operates in the following manner. 

15 Through the inlet pipe 3 a liquid mixture containing 
about 90 % fuel oil and about 10 % water enters the 
receiving chamber 9 of the centrifugal rotor. The liquid 
mixture is conducted through the channels 11 into the 
separation chamber 10, in which the water is separated 
20 from the fuel oil. Certain salts having been present in 
the fuel oil have become solved in the water while the 
liquid mixture was on its way into the rotor and are, 
thus, parts of the water separated in the separation 
chamber . 



25 



30 



35 



In a starting position the valve 31 is closed, so that 
no liquid can leave the rotor through the outlet conduit 
27. In the separation chamber 10 there is formed an 
interface layer between the separated water and the fuel 
oil having been freed from such water. This interface 
layer moves radially inwardly in the separation chamber 
10 and reaches relatively soon the level A. At this 
stage the valve 31 is opened, whereupon separated water 
starts to flow from the separation chamber 10 through 
the channels 17, the space 18, the openings 19, the 
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outlet chamber 21 and the paring member 22 to the outlet 
conduit 27. In the starting position also the valve 30 
is closed and, therefore, the water passes through the 
throttling nozzle 28 and further on out through the 
5 outlet conduit 27. 

It is possible to have the valve 31 open even at the 
beginning of the separation process, but in such a case 
it is suitable to fill part of the separation chamber 10 
10 with only water, before a mixture of fuel oil and water 
is introduced into the rotor. 

Said throttling nozzle 28 preferably is dimensioned such 
that the flow of water through the outlet conduit 27 

15 does not exceed the supply of water through the conduit 
7. It is thus the throttling nozzle 28 that, at this 
stage of the separating operation, should limit the 
water flow out of the rotor 1. This means that the 
opening or openings 19 in the partition 20 of the rotor 

20 have to be sufficiently large to allow a water flow of 
this kind from the space 18 to the outlet chamber 21. 
Further, this means that the free liquid surfaces having 
been formed in the outlet chamber 21 and in the space 18 
will be present at substantially the same radial level 

25 in the rotor. This radial level will determine the 
magnitude of the liquid pressure prevailing in the 
outlet conduit 27 upstream of the throttling nozzle 28. 
The through-flow opening of the throttling nozzle, thus, 
must be dimensioned with regard to the expected position 

30 of the liquid surfaces in the space 18 and the outlet 
chamber 21 . 

While separated water leaves the rotor through the 
outlet conduit 27, separated or cleaned fuel oil flows 
35 over the overflow outlet 13 out into the outlet chamber 
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14. Thence the fuel oil is continuously discharged by 
means of the paring member 15 and leaves the centrifugal 
separator through the outlet conduit 23. On its way the 
fuel oil passes through the sensing instrument 24, which 
senses whether the fuel oil contains more or less than a 
predetermined content of water. 

As the separation operation proceeds the interface layer 
between fuel oil and water in the separation chamber 10 
will move from the level A radially inwardly. The reason 
for this is above all that the fuel oil in the container 
6 has, as a rule, a certain content of water, e.g. 
about 1 %, but also that, for the sake of safety, the 
supply of water through the inlet conduit 7 is kept 
somewhat larger than the water flow discharged through 
the outlet conduit 27. Substantially all of the water 
supplied to the rotor is separated from the fuel oil in 
the separation chamber 10, and since only part of the 
same is discharged through the outlet conduit 27 the 
rest is accumulated in the radially outer part of the 
separation chamber. 

When the interface layer between fuel oil and water has 
arrived at the level B, small fractions of water begin 
to accompany the fuel oil inwardly through the stack of 
separation discs 10 and leave the rotor through the 
outlet conduit 23 together with the fuel oil. When the 
sensing instrument 24 senses that the content of water 
in the fuel oil exceeds a predetermined value, e.g. 0,1 
%, it emits a signal to the control unit 26, from where 
a control signal goes through the signal line 32 for 
opening of the valve 30. The valve 30 as well as the 
by-pass conduit 29 are dimensioned to allow a flow 
therethrough, which is substantially larger than the 
flow which has earlier passed through the throttling 
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nozzle 28. Thus, water now starts to flow out of the 
outlet chamber 21 through the outlet conduit 27 at a 
larger speed than before. The opening or openings 19 in 
the partition 20 of the rotor will now be limiting for 
5 the flow that can pass from the space 18 into the outlet 
chamber 21. Since the opening or openings 19 will now 
throttle the supply of water to the outlet chamber 21, 
whereas the water flow through the paring member 22 and 
the outlet conduit 27 is no longer throttled, the free 
10 liquid surface in the outlet chamber 21 will move 

radially outwardly and be positioned at a level in the 
vicinity of the radially outermost part of the paring 
member 22, as can be seen from fig 1. 

15 The flow of water thus now created, which leaves the 
separation chamber 10 through the outlet 16 and is 
conducted out of the rotor through the channels 17, the 
space 18, the calibration opening or openings 19 and the 
outlet chamber 21, is larger than the flow of water 

20 entering the rotor through the conduit 7 and together 

with fuel oil from the container 6. This means that the 
accumulated amount of separated water in the separation 
chamber 10 decreases. Consequently the interface layer 
between fuel oil and water moves radially outwardly in 

25 the separation chamber 10. 

After a predetermined period of time, set in the control 
unit 26 with regard to the size of the estimated water 
flow out of the rotor, the valve 30 in the by-pass 

30 conduit 29 is again closed. Then the movement radially 
outwardly of the interface layer in the separation 
chamber stops. The predetermined period of time is 
chosen such that the movement radially outwardly of the 
interface layer stops while the outlet 16 is still 

35 completely covered by separated water in the separation 
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Chamber, so that no fuel oil flows out of the separation 
chamber through the outlet 16. 

The separating operation can then be continued in a 
manner as described before, until the sensing instrument 
24 again senses the predetermined content of water in 
the cleaned fuel oil and again opens the valve 30. 

Normally the centrifugal separator schematically shown 
in the drawing is of a kind making possible intermittent 
opening of peripheral so called sludge outlets in the 
rotor for discharging from the separation chamber rela- 
tively heavy solids separated therein. A centrifugal 
separator of this kind is well known and, therefore, 
said sludge outlets are not shown in the drawing. An 
example of a centrifugal rotor provided with sludge 
outlets of this kind is shown in US 4,525,155. 

As can be seen from fig 1, the free liquid surface in 
the space 18 is situated at a somewhat larger distance 
from the rotor centre axis 2 than the free liquid 
surface in the separation chamber 10, i.e. the overflow 
outlet 13. The reason for this is above all that the 
fuel oil and the water in the separation chamber 10 have 
different densities. Thus, the radial liquid column 
present in the channels 17 and the space 18 and consis- 
ting of only water shall balance the radial liquid 
column which is present in the separation chamber 10 
between the overflow outlet 13 and the outlet 16 and 
which consists of both fuel oil and water. Depending 
upon the radial position of the interface layer formed 
in the separation chamber between fuel oil and water the 
free liquid surface in the space 18 may thus take some- 
what different positions. The closer the said interface 
layer is to the rotor centre axis 2, the closer to the 
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same centre axis is also the liquid surface in the space 
18. The position of the free liquid surface in the space 

18 can be influenced not only by changes of the position 
of the interface layer in the separation chamber but 

5 also by possible changes of the densities of the water 
and the fuel oil. These may vary for instance by 
temperature . 

Since, as just described, the liquid surface in the 
10 space 18 can move radially inwardly or outwardly for 
different reasons, an unchanged flow through the 
throttling nozzle 28, or through the opening or openings 

19 when the valve 30 is open, cannot always be main- 
tained. In order to make possible greater security in 

15 the correspondence between the water flows into the 

rotor through the rotor conduit 7 and out of the rotor 
through the outlet conduit 27 an arrangement of valves 
according to fig 2 can be used. 

20 Fig 2 shows a centrifugal . rotor differing from the one 
shown in fig 1 in some respects. The same numeral 
references shown in fig 1 have been used in fig 2 for 
details corresponding to each other in fig 1 and fig 2. 

25 In the rotor in fig 2 the channels 17 open at their 

radially inner ends directly in the outlet chamber 21a, 
in which the paring member 22 is placed. The paring 
member is, as in fig 1, connected to the outlet 
conduit 27. 

30 

In the outlet conduit 27 there is inserted a reversing 
valve 34, which in a first position, as shown in fig 2, 
is adapted to conduct liquid from the paring member 22 
to a first branch conduit 27a and, in another position, 
35 conduct liquid from the paring member 22 to a second 
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branch conduit 27b. In the branch conduit 27a there is 
arranged a first valve 35 (instead of the throttling 
nozzle 28 in fig 1), and in the branch conduit 27b there 
is arranged a second valve 36 (instead of the closing 
5 valve 30 in fig 1). Both valves 35 and 36 are so called 
constant flow valves, i.e. each one of them is adapted 
to admit therethrough an unchanged liquid flow indepen- 
dent of occurring liquid pressure changes in the outlet 
conduit 27 upstream of the respective valves. The liquid 
10 pressure downstream of the respective valves 35 and 36 
is supposed to be substantially constant. The branch 
conduits 27a and 27b join again downstream of the valves 
35 and 36. 

15 The valve 35 is dimensioned and adjusted to let through 
a liquid flow that is substantially smaller than that 
which the valve 36 is dimensioned and adjusted to let 
through. 

20 The valve 34 is connected through a signal line 37 to 
the control unit 26a. 

The arrangement according to fig 2 is intended to 
operate in the following manner. 

25 

As long as the interface layer in the separation chamber 
10 is situated radially outside the level B but radially 
inside of the outlet 16, the valve 34 conducts water 
from the paring member 22 through the valve 35. A rela- 

30 tively small constant water flow then leaves the rotor 
through the outlet conduit 27. When the interface layer 
has moved radially inwardly and reached the level B, and 
the sensing equipment 24 has sensed that the content of 
water in the cleaned fuel oil has exceeded the predeter- 

35 rained value, the valve 34 is reversed so that water is 
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instead conducted through the valve 36. Then a larger 
constant water flow will leave the rotor through the 
outlet conduit 27. After a predetermined period of time, 
when a predetermined amount of water has thus left the 
5 rotor, the valve 34 is again reversed, so that water is 
conducted through the valve 35. 

The previously mentioned peripheral sludge outlets (not 
shown) may be opened briefly at any desired frequency or 

10 when a certain amount of separated solids has been 

collected in the separation chamber. The control unit 26 
(or 26a) may be adapted to open the sludge outlets at 
certain time intervals, e.g. three times an hour, or 
after a number of times that the valve 30 (or 36) has 

15 been in use. 

Constant flow valves of the kind mentioned above are 
well known in many different designs and, therefore, are 
not described here in detail. A constant flow valve is 
20 normally adapted to automatically control the liquid 

flow therethrough on the basis of pressure values sensed 
upstream or downstream, or both upstream or downstream, 
of the constant flow valve. 

25 If, in the above described example, the supply of wash 
water to the fuel oil through the inlet conduit 7 is 
intended to be adjustable or controllable, e.g. by means 
of the pump 8, a signal connection may be present 
between for instance the pump 8 and the constant flow 

30 valve 35, so that the latter is automatically adjusted 
for a changed constant flow depending upon the flow 
through the conduit 7. 

By means of the above described invention the part of 
35 the separation chamber 10 situated between the levels h 
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10 



and B may be utilized for effective separation of 
incoming fuel oil during a large part of the centrifugal 
separator's operating time, even if the fuel oil 
contains a relatively large but varying content of 
water. By thorough checking of the amounts of water, 
which are actively supplied to the fuel oil and dis- 
charged from the centrifugal rotor, the separation 
chamber may be utilized effectively during the largest 
possible part of the separation time. A valve arrange- 
ment according to fig 2 may be used for such checking. 



If desired, a centrifugal separator according to fig 1 
may be modified only such that the throttling nozzle 28 
is substituted by a constant flow valve 35 (according to 

15 fig 2). A constant flow valve 35 of this kind used in an 
arrangement according to fig 1 need not be controlled 
but can be kept open for through- flow all the time. Then 
there remains a certain inaccuracy regarding the inter- 
mittent water outflows through the valve 30, whereas a 

20 good accuracy is obtained regarding the water outflow 
during the main part of the separation time. 

In a valve arrangement according to fig 1 the calibra- 
tion function, given by the opening or openings 19, may 
25 alternatively be obtained by means of a flow limiting 

calibration opening in the by-pass conduit 29 or in the 
valve 30 in its open position. In this case there is no 
annular partition 20 in the rotor according to fig 1, 
like in the rotor according to fig 2. 

30 

In the arrangement according to fig 2 the water flow 
through the valve 35 - and when relevant through the 
valve 36 - becomes independent of density changes of the 
fuel oil and independent of movements, during the sepa- 
35 ration, of the free liquid surfaces or the interface 
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layer in the separation chamber between fuel oil and 
water . 
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QISLLBSl 

1. Method of separating a light liquid having a first 
density and a heavy liquid having a second density 
5 larger than said first density from a liquid mixture by 
means of a centrifugal separator comprising 

a rotor (1) having a centre axis (2) around which it 
is rotatable and delimiting a separation chamber 

10 (10) which has a first outlet (13) for the light 

liquid, situated at a first distance from the rotor 
centre axis (2), and a second outlet (16) for the 
heavy liquid, situated at a second distance, larger 
than the first distance, from the rotor centre axis 

15 (2), the rotor further delimiting a channel (17) 

extending from said second outlet towards the rotor 
centre axis to a third outlet (21,22) that is 
adapted to conduct the heavy liquid out of the 
rotor, and 

20 

a stationary outlet conduit (27) adapted to receive 
liquid from said third outlet (21,22) and to conduct 
it to a reception place for heavy liquid, situated 
outside the centrifugal separator, 

25 

said method including 

supplying said liquid mixture into the separation 
chamber ( 10 ) , 

30 

sensing when an interface layer, which during 
operation of the rotor is formed in the separation 
chamber (10) between light liquid and heavy liquid 
and moves towards the rotor centre axis (2) as a 
35 consequence of accumulation of separated heavy 
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liquid in the separation chamber (10), arrives 
at a predetermined distance (B) from the centre 
axis (2); 



5 - intermittently conducting from the rotor an outlet 

flow of liquid through said third outlet (21,22) and 
said stationary outlet conduit (27) to the reception 
place for heavy liquid, the conducting of the outlet 
flow being started when said interface layer has 
10 arrived at said predetermined distance (B) from the 

rotor centre axis, so that the interface layer in 
the separation chamber instead moves away from the 
rotor centre axis ( 2 ) ; and 



15 - interrupting said outlet flow of liquid from said 
third outlet (21,22) to the reception place for 
heavy liquid. 



characterized by 

20 

conducting a drainage flow of separated heavy 
liquid, which drainage flow is substantially smaller 
than said outlet flow, out of the rotor (1) through 
said third outlet (21,22) to a reception place out- 
25 side the centrifugal separator during at least a 

part of such time when said outlet flow is not con- 
ducted out of the rotor through said third outlet. 



2. Method according to claim 1, including supplying a 
30 predetermined flow of heavy liquid to be separated by 
means of the centrifugal separator into the separation 
chamber (10) together with relatively light liquid 
possibly containing further amounts of heavy liquid, 
said drainage flow conducted out of the rotor through 
35 said third outlet (21,22) to a reception place outside 
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10 



the centrifugal separator being maintained at a 
magnitude such that it is at the most as large as said 
predetermined flow of heavy liquid supplied into the 
separation chamber ( 10 ) . 

3. Centrifugal separator for separating a light liquid 
having a first density and a heavy liquid having a 
second density larger than said first density from a 
liquid mixture, comprising 



- a rotor (1) having a centre axis (2) around which it 
is rotatable and delimiting a separation chamber 
(10) which has a first outlet (13) for the light 
liquid, situated at a first distance from the rotor 
15 centre axis (2), and a second outlet (16) for the 

heavy liquid, situated at a second distance larger 
than the said first distance from the rotor centre 
axis (2), the rotor further delimiting a channel 
(17) extending from said second outlet (16) towards 
20 the rotor centre axis to a third outlet (21,22) that 

is adapted to conduct the heavy liquid out of the 
rotor . 

- a stationary outlet conduit (27) adapted to receive 
25 liquid from said third outlet (21,22) and to conduct 

it to a reception place for heavy liquid situated 
outside the centrifugal separator, 

sensing means (24) adapted to sense and to emit a 
30 control signal when an interface layer, which has 

been formed during the rotor operation in the 
separation chamber (10) between light liquid and 
heavy liquid and which moves towards the rotor 
centre axis (2) as a consequence of accumulation of 
35 separated heavy liquid in the separation chamber. 
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has arrived at an inner radial level (B) situated at 
a predetermined distance from the centre axis (2), 

outlet means (30; 34, 36) connected with the sensing 
5 means (24) and adapted, when the latter emits said 

signal, to be caused to provide an outlet flow of 
liquid from said third outlet (21,22) through the 
stationary outlet conduit (27) to the reception 
place for heavy liquid, so that said interface layer 
10 in the separation chamber (10) moves away from the 

rotor centre axis (2), and 

- means (26; 2a) for interrupting said outlet flow of 
liquid from said third outlet (21,22) to the 
15 reception place for heavy liquid, when said inter- 

face layer in the separation chamber has arrived out 
at an outer radial level situated between said inner 
level (B) and said second outlet (16), 



20 characterized 



25 



30 



i n 



that there is no connection radially inside said 
outer radial level between the separation chamber 
(10) and said channel (17), so that the channel (17 
is kept filled with separated heavy liquid, when 
said outlet flow is interrupted, and 



- that draining means (28; 35) are adapted to accomp- 
lish, at least during part of such time when the 
outlet means (30; 34, 36) do not accomplish said 
outlet flow of liquid, a drainage flow of separated 
heavy liquid from said third outlet (21; 22) out of 
the rotor to a reception place outside the centri- 
fugal separator, said drainage flow being substan- 
35 tially smaller than said outlet flow. 
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4. Centrifugal separator according to claim 3, in which 
said outlet means (30; 34, 36) comprise a valve (30; 36) 
arranged in said stationary outlet conduit ( 27 ) . 

5 5. Centrifugal separator according to claim 4, in which 
a conduit, which extends from a place upstream to a 
place downstream of said valve (30; 36) in the stationary 
outlet conduit (27), forms or comprises a throttling 
means (28; 35) for limiting of the flow through the 
10 stationary outlet conduit (27), when the valve (30; 36) 
is not used to provide said outlet flow. 

6. Centrifugal separator according to claim 3, in which 
said draining means comprise a constant flow valve (35) 
15 adapted to let through, in a way known per se, a pre- 
determined liquid flow independent of the magnitude of 
an overpressure of liquid present upstream of the 
constant flow valve. 

20 7. Centrifugal separator according to any one of claims 
3-6, in which said outlet means comprise a constant flow 
valve (36) adapted to let throughm, in a manner known 
per se, a predetermined liquid flow independent of the 
magnitude of an overpressure of liquid present upstream 

25 of the constant flow valve. 

8. Centrifugal separator according to any one of claims 
3-7, in which 

30 - first supply means (5) are adapted to supply said 
liquid mixture to the rotor (1), 

the rotor forms a receiving chamber (9) for 
receiving said liquid mixture. 
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second supply means ( 7 ) are adapted to supply to the 
centrifugal separator a predetermined flow of heavy 
liquid to be separated from the liquid mixture in 
the centrifugal separator, and 

5 

draining means (28; 35) are adapted to accomplish 
said drainage flow of separated heavy liquid from 
said third outlet (21,22) out of the rotor to the 
reception place for heavy liquid, said drainage flow 
10 being at the most as large as said predetermined 

flow of heavy liquid that is supplied to the 
centrifugal separator through said second supply 
means ( 7 ) . 
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